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Abstract 
The purpose of this study is two-fold: It aims to determine the factors that are influential in undergraduate students’ approaches 
to studying, self-efficacy, problem solving strategies, competency in mathematical thinking and reasoning; to identify any 
gender, grade level, and regional differences among the identified factors and on the overall competency in mathematical 
thinking and reasoning of undergraduate students and prospective teachers. The factors were identified through the adopted 
survey of approaches to studying and the competency test on mathematical thinking nd reasoning that was designed by the 
researcher. The scales were administered to 431 undergraduate students of mathematics, elementary and secondary mathematics 
education in Ankara and in Northern Cyprus and to prospective teachers of classroom teacher education and early childhood 
education of teacher training academy in Northern Cyprus. Exploratory and confirmatory factor analyses were employed to 
determine the factors and the differences with respect to gender, region and grade level separately and their dual, triple 
interaction effects were investigated through two two-way MANOVA and a three-way ANOVA analyses. Results showed that 
significant gender, grade level differences across identified dimensions of the survey and region, gender and grade level 
differences across the dimensions of the test and on the total test. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The abundance of research investigating affective factors contributing to mathematics achievement and given the 
scarcity of studies on the inspection of affective factors in particular to mathematical thinking and reasoning 
constitute the foundation of this study. Albeit the recent reforms in the mathematics curricula at both national and 
international stands, much of the mathematics instruction still focuses on the procedural and algorithmic 
applications even at the undergraduate level. The instances requiring students’ engagement with problems that 
trigger their mathematical thinking and reasoning are still sparse. Consequently they tend to demonstrate poor 
mathematical thinking and reasoning abilities.  Endorsing mathematical thinking and reasoning that is persistently 
suggested by educational policy makers is a prerequisite for learning and doing mathematics and typically is not in 
the agenda of higher mathematics education.  Although mathematical thinking and reasoning are central to teaching 
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and learning of mathematics, the field of mathematics education has yet not accomplished to portray a broad view to 
promote mathematical thinking and reasoning in coherent with the learning and studying experiences of students 
along with affective and demographic constructs at all grade levels particularly at the undergraduate level. Aside 
from contributing factors like mathematical thinking and reasoning to achievement in mathematics, student 
characteristics and their way of learning are additional components of promoting mathematics achievement.There is 
also a growing consensus among researchers in the field of student learning in higher education that university 
students learn from their experiences (M Ramsden&Entwistle,1981; Ramsden, 1988, 1997). For 
this purpose, this study primarily aimed to identify the factors and their relationships perceived by undergraduate 
students regarding their approaches to studying, self-efficacy and problem solving strategies, mathematical thinking 
and reasoning competency. 
considered from demographic standpoints. Literature addresses gender and age related differences regarding these 
constructs that were usually inspected in isolated manner (Cole, 1997; Royer, et. al., 1999; Zeegers, 1999). No 
research was known to exist exploring any gender, grade level and regional differences on mathematical thinking 
and reasoning competency of students and along together their approaches to learning and self-efficacy, problem 
solving strategies at once. Thirdly, this study sought to explore any regional, gender and grade level based 
differences and their interaction effects attributed to aforementioned factors among undergraduate students. 
2. Method 
2.1. Sample 
The participantswere431 undergraduate students from elementary, secondary mathematics education, early 
childhood and classroom teacher education, mathematics departments that were enrolled to 2010 spring and summer 
semesters in Ankara and in Northern Cyprus. The characteristics of the sample are presented in Table 1 below: 
Table 1 Characteristics of the Sample 
University Frequency Percentage (%) 
Gazi University 66 15.3 
Hacettepe University 106 24.6 
Eastern Mediterranean University 56 13.0 
 139 32.3 
Middle East Technical University 59 13.7 
Near East University 5 1.2 
Total 431 100.0 
Department   
Mathematics 180 41.8 
Elementary Mathematics Education 56 13.0 
Secondary Mathematics Education 57 13.2 
Classroom Teacher Education 76 17.6 
Early Childhood Education 62 14.4 
Total 431 100.0 
Grade Level   
1 86 20.0 
2 115 26.7 
3 109 25.3 
4 111 25.8 
5 8 1.9 
Total 429 99.5 
Missing 2 0.5 
Total 431 100.0 
Gender   
Male 148 34.3 
Female 281 65.2 
Total 429 99.5 
Missing 2 0.5 
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Total 431 100.0 
2.2. Instruments 
Two main scales were used for data collection; the adopted version of the 
to studying/learning which was developed by Entwistle and Ramsden (1983) with additional items on demographic 
profile, with  self-efficacy in mathematics(Bandura,1997;Pajares,1996)and problem solving strategies and the test 
on mathematical thinking and reasoning competency that was developed by the researcher. The items related to deep 
and surface approaches, relating ideas, use of evidence, intrinsic motivation, syllabus-boundness, fear of failure, 
extrinsic motivation, disorganized study methods, achievement motivation, were adapted from the Approaches to 
Studying Inventory (ASI). The test was designed to measure the competency of undergraduate students in a set of 
thinking processes that were situated in real life problems. The items of the test focuses to what extent students 
understand the logical implications, express a given situation mathematically, apply computational skills, evaluate 
conditional statements and extract the required information from a given situation.  For convenience, the survey and 
the test were pilot tested byvolunteered students who were enrolled to Introduction to Information Technologies and 
its Applications(IS100) course at Middle East Technical University at 2010 spring semester. 
2.3. Design 
The major aims of this study are; (1) to explore the factors and their relationships perceived by 
undergraduate students regarding their approaches to studying, self-efficacy and problem solving strategies, 
mathematical thinking and reasoning competency; (2) to investigate any regional, gender and grade level based 
differences attributed to approaches to studying, self-efficacy and problem solving strategies, competency in 
mathematical thinking and reasoning of undergraduate students. The data was collected in a cross-sectional manner 
that is; the scales used in this study were administered to the participants at once. The quantitative data obtained 
were analyzed through two-way MANOVA and three-way ANOVA statistical techniques. 
2.4. Analysis 
Exploratory and confirmatory factor analyses were employed to determine the factors based on the literature; 
meaning orientation, mathematics self-efficacy, motivation, disorganized study methods and surface approach for 
ev Two-way MANOVA was 
employed to inspect gender, grade level differences across the dimensions of the survey at SPSS v17 program. 
Gender and grade level are independent variables whereas the dimensions of the survey as index scores were 
used in the subsequent univariate tests. Another two-way MANOVA procedure was carried out for the region and 
grade level differences across the sub dimensions of the test where region and grade level are independent variables 
and the two sub dimensions of the test are dependent variables. Finally, three-way ANOVA technique was used to 
explore region, gender and grade level related differences on the total test score. 
3. Results 
3.1. Results of the Exploratory and Confirmatory Factor Analyses 
The first research question required the identification of the factors concerning approaches to studying, self-
efficacy and problem solving strategies, mathematical thinking and reasoning competency of which these are; 
meaning orientation (deep approach, relating ideas, use of evidence), mathematics self-efficacy
0.762 ), motivation (intrinsic, extrinsic, achievement with ), disorganized study methods  related 
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to non-academic orientation, surface approach method( ; 
skills ) and ).  
3.2. Results of the Gender, Grade Level and Region based Differences 
As shown in the Tables 2,3 and 4 below, results of gender, grade level and region related differences in the 
factors of the survey and on the test and the total test indicated that, female students are more meaning oriented than 
dy methods more 
frequently than second year undergraduate students.  In addition, senior students are more competent than second 
and third year undergraduate students in terms of both competency skills. Freshmen students outscored sophomore 
students in the elaborate skills dimension. Students from Ankara region are more competent in terms of both 
competency skills than students from Northern Cyprus region. This last inference is also valid on the total test score 
of mathematical thinking competency for both regions. In addition, it was noted that male students performed better 
on the total test than female students. Moreover, there exist region and grade level interaction effect upon both 
  
Table 2 Gender and Grade Level Differences across Survey 
Source Dependent Variable Type III Sum of Squares Df Mean Square F Sig. Partial Eta Squared 
Gender MEANORTi 7.550 1 7.550 7.704 .006* 0.018 
MSEFFICi 0.651 1 0.651 0.637 0.425 0.002 
MOTi 4.213 1 4.213 4.271 0.039 0.010 
DISORSDi 0.129 1 0.129 0.135 0.714 0.000 
SURAPPi 0.097 1 0.097 0.097 0.756 0.000 
GradeLev. MEANORTi 2.205 3 0.735 0.750 0.523 0.005 
MSEFFICi 0.049 3 0.016 0.016 0.997 0.000 
MOTi 7.056 3 2.352 2.384 0.069 0.017 
DISORSDi 13.075 3 4.358 4.561 .004* 0.032 
SURAPPi 6.067 3 2.022 2.024 0.110 0.014 
* p<0.01 
Table 3 Region and Grade Level Differences across Test 
Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared 
GradeLev EXPEXTCMt 34.888 3 11.629 4.034 .008* .028 
EXINFLOGt 74.755 3 24.918 7.331 .000* .050 
Region EXPEXTCMt 303.011 1 303.011 105.120 .000* .200 
EXINFLOGt 328.518 1 328.518 96.656 .000* .187 
Region * GradeLevel EXPEXTCMt 42.785 3 14.262 4.948 .002* .034 
EXINFLOGt 37.612 3 12.537 3.689 .012* .026 
* p<0.025 
Table 4 Region, Gender, Grade Level Differences on the Total Test 
Source Type III 
Sum of 
Squares 
df Mean Square F Sig. Partial Eta Squared 
Region 1028.058 1 1028.058 128.640 0.000* 0.238 
Gender 108.970 1 108.970 13.635 0.000* 0.032 
GradeLevel 241.758 3 80.586 10.084 0.000* 0.069 
Region * Gender 71.202 1 71.202 8.909 0.003* 0.021 
Region * GradeLevel 159.879 3 53.293 6.669 0.000* 0.046 
Gender * GradeLevel 95.914 3 31.971 4.001 0.008* 0.028 
Region * Gender * 
GradeLevel 
67.530 3 22.510 2.817 0.039* 0.020 
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* p<0.05  
 
4. Conclusions and Discussion 
4.1. Differences with Respect to Gender, Region and Grade Level 
Female students seem to be more meaning oriented than male students. Nevertheless, only small amount of 
variance could be explained by gender on the factors. The fourth & fifth year and third year students use 
disorganized study methods more often than second year students.  No significant interaction between gender and 
grade level was found to exist among the mean scores of the five factors explicitly; meaning orientation, 
mathematics self-efficacy, motivation, disorganized study methods and surface approach dimensions. Fourth and 
fifth year students are more competent than second and third year students in terms of basic computational skills and 
logical inferencing skills. In addition, first year students mean scores on elaborate mathematical thinking and 
reasoning skills are higher than the second year students. There exist significant region based mean differences upon 
the scores obtained in both fundamental and elaborate mathematical thinking and reasoning dimensions. The 
variance explained by region upon these factors is large. The mean scores of students from Ankara region are 
significantly higher than the mean scores of students from Northern Cyprus region in both basic and elaborate 
mathematical thinking and reasoning competency skills. Significant interaction between region and grade level was 
found to exist among the mean scores of the basic and elaborate skill dimensions. However, the effect is small. 
There is a significant mean difference upon the score of total mathematical thinking and reasoning competency with 
respect to region. Large amount of variance is explained by region upon the total mathematical thinking and 
reasoning competency. Students from Ankara region have significantly higher scores than students from Northern 
Cyprus region. Male students outscored females on the total score of mathematical thinking and reasoning 
competency. Fourth& fifth year students performed better than the rest of the grade levels. In addition, first year 
students have significantly higher scores than the second and third year students. To a small degree, there exists 
significant interaction between region and gender upon the total mean score. Males outperformed female students of 
Northern Cyprus on the total test whereas the mean scores of females and males are almost equal for students from 
Ankara region. Yet to a small degree, there exists significant interaction among region and grade level upon the total 
mean score.There exists significant yet to a small degree, gender by grade level interaction upon the total mean 
score.There exists significant yet to a small degree region by gender by grade level triple interaction upon the total 
mean score. 
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